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© Improved time-stable liquid cholesterol assay compositions. 

© 

There is provided a stable cholesterol assay composition 
which comprises an aqueous solution of at least one bile acid 
or salt thereof being present in an amount of up to about 
5mM; a nonionic surfactant present in an amount of from 
about 0.15 to about 1.5 percent volume by volume; a buffer 
in a concentration of from 0 to about 65mM; and cholesterol 
oxidase in a "concentration of at least about 0.2 KIU/I. 
Solution pH is from about 5.5 to about 8.5. Addition of 
cholesterol esterase, phenol, peroxidase and 4-amino- 
antipyrine provides a total cholesterol chromogen system. 
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10 IMPROVED TIME-STABLE LIQUID 

CHOLESTEROL ASSAY COMPOSITIONS 

Background of the Invention 

It has been knovm to determine cholesterol in sera 
15 by the use of assay compositions based on cholesterol 

oxidase , presently from a microbial source-. The reaction 
involved is = 

cholesterol 

cholesterol + 0 2 oxidase ^ cholest-4-en-3-one + u 2 °2 ^ 
20 " " " 

For total cholesterol determination, bound cholesterol 
may be released by the inclusion of cholesterol esterase 
which yields cholesterol by the reaction: 

cholesterol 

25 cholesterol ester + H^O esterase cholesterol + RCOOff (2) 

The amount of cholesterol can be assayed by measuring 
the amount of oxygen consumed, the amount of cholest-4-en- 
3-one formed, or the amount of hydrogen peroxide formed. 
30 A preferred way is to determine the amount of hydrogen 

peroxide formed by use of a chromogen system. A preferred 
chromogen system is one based on the presence of peroxidase 
from a horseradish source, phenol and antipyrine involving 
the reaction: 

35 2H 2°2 4 4 - aminoa ntipyrine + phenol peroxidase h quinoneimine dye + 4H 2 0 (3) 
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While most assay systems based on cholesterol oxidase 
can be made functional as prepared, they are prone to 
rapid degradation. As a consequence, the art early on 
liapholized (f reeze-dried) the composition for reconsti- 
tution at the time of use. Liapholization is expensive 
and suffers from inaccuracy. 

A need was recognized to provide a liquid assay 
system of controlled composition which would have an 
adequate shelf life for marketing purposes. As invented 
and described by one of us, and disclosed in EPC Applica- 
tion 80.104.568.3, filed 1 August, 1980, incorporated 
herein by reference, it was found that the presence of a 
material quantity, e.g., up to 50 percent by volume, of a 
polyhydroxy compound such as glycerol would induce long 
shelf life to a liquid assay composition. The invention 
enabled precise quality control to be exercised over the 
composition of the system, and enabled total reliability of 
the assay system as a tool. The system was formulated as a 
concentrate. Shelf life of the concentrate was more than 
adequate for industrial use and provided levels of stability 
theretofore unknown in the art. 

The polyhydroxy compound, while functional to stabilize 
the system against degradation, increases costs and, unless 
proper housekeeping procedures are followed, contaminates 
apparatus, affecting other tests, particularly triglyceride 
analysis. 

A desire has existed, therefore, for a liquid assay 
system which did not yield in performance, which could be 
sold as a single formulation for use as is without dilution 
and yet have an adequate shelf life to satisfy marketing 
requirements . 
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Summary of the Invention 

It has now been found that utilizing basic constitu- 
ents normally present in a cholesterol assay system, but 
exercising exacting control over concentration of bile 
acid or salts thereof, nonionic surfactant and buffer, as 
well as pH, one can formulate a stable cholesterol assay 
composition which does not require a polyhydroxy compound 
and yet exhibits projected shelf lives of 18 months or 
more at 4°C, and when used with a chromogen system, rapid 
completion times . 

The base solution employed is an aqueous solution of 
at least one acidic compound which is a bile acid or salt 
thereof, present in a concentration of up to about 5 mM, 
preferably from about CL2 to about 5 mM; a nonionic sur- 
factant, preferably propylene glycol p-isooctylphenyl 
ether, present in a concentration of from about 0.15 to 
about 1.5 percent volume by volume, preferably from about 
0.2 to about 0.6 percent volume by volume; from 0 to 65 mM 
of a buffer, preferably from 0.5 to 50 mM, and more pre- 
ferably from 0.5 to 30 mM, the preferred buffer being 
potassium dihydrogen phosphate (KI^PO^) ; and cholesterol 
oxidase in a concentration of at least 0.02 KIU/1, prefer- 
ably at least 0.05 KIU/1, the solution having a pH of from 
about 5.5 to about 8.5, preferably from 6 to about 7.5. 

Where it is desired to assay for total cholesterol, 
there is included in the composition a microbial choles- 
terol esterase present in a concentration of at least 
q.07 KIU/1, preferably at least about 0.1 KIU/1. 

The preferred composition is one containing a chromo- 
gen system for determination of hydrogen peroxide. The 
chromogen system preferably comprises phenol in a concen- 
tration of from 8 to about 35 mM; 4-aminoantipyrine in a 
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1 and peroxidase in a concentration sufficient to enable 

completion of a chromogen reaction, i.e. , development of 
the pink quinoneimine dye to an intensity quantitative to 
hydrogen peroxide formed. For commercial practicality, 

5 they are provided in quantities sufficient to enable com- 
pletion of the reaction within 10 minutes at 37 °C. 
Preferably, the peroxidase is provided in a concentration 
of at least 30 KIU/1, and 4-aminoantipyrine to a concentra- 
tion of about 0.3 mM 

10 There is preferably included in the composition a 

bacteriocide, with the preferred bacteriocide being 
2,4 dichlorophenol, present in a concentration of up to 
about 1 mM, preferably from about 0.4 to about 0.6 mM. 
The compositions prepared in accordance with the 

15 instant invention are stable for at least 3 days at 41°C, 
which is equivalent to a projected shelf life of 18 months 
at 4°C or about 6 months at ambient temperature (25°C) . 

When a chromogen system is employed, completion of 
reaction preferably occurs within 10 minutes or less at 

20 37 °C, with a color stability of at least an additional 30 
minutes. 

The products are prepared by first forming an aqueous 
solution to which there is provided buffer, bile acid or 
salts thereof, and surfactant. Phenol, dichlorophenol and 

25 4-aminoantipyrine are added as required. This base com- 
position is adjusted, if required, to an acceptable pH 
range by addition of a suitable acid or base. 

There is separately formed an aqueous solution con- 
taining the nonionic surfactant and the enzymes which are 

30 added. The base solution and the solution of the enzymes 
are then combined to form a net solution. 
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Detailed Description 

According to the present invention there is provided 
an assay solution for the determination of cholesterol in 
the liquids, including sera, and which display a protracted 
shelf life life, i.e., a shelf life of about 18 months or 
more at 4°C (refrigeration conditions) . Long shelf life 
is primarily the result of control over concentration of 
buffer employed. 

A stable cholesterol assay composition of the instant 
invention comprises an aqueous solution of at least one 
acidic compound which is a bile acid and/or a salt of a bile 
acid, the total of said acidic compound being present in an 
amount of up to about 5mM, preferably from about 0.2 to 
about 5 mM; a nonionic surfactant present in a concentration 
of from about 0*15 to about 1.5 percent volume by volume, 
preferably from about 0.2 to about 0.6 percent volume by 
volume; a buffer in a concentration of from 0 to about 
65 mM, preferably from about 0.5 to about 50 mM; cholesterol 
oxidase in a concentration of at least about 0.02 KIU/1, 
preferably at least 0.05 KIU/1, the solution having a pH of 
from about 5.5 to about 8.5. 

For total cholesterol assay there is included micro- 
bial cholesterol esterase present in a concentration of at 
least about 0.07 KXU/1, preferably at least about 0.1 
KIU/1. 

The preferred cholesterol assay composition includes 
a chromogen system for determination of hydrogen peroxide. 

More particularly, the preferred chromogen cholesterol 
assay solutions of the instant invention provide, on a per- 
liter basis, phenol in a concentration of from about 8 to 
about 35 mM, preferably from about 15 to about 20 mM; bile 
acid and/or a salt of bile in a total amount up to about - 
5.0 mM, preferably from about 0.2 to about 5 mM; a nonionic 
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surfactant, preferably polyethylene glycol p-isooctylphenyl 
ether (TRITON X-100) , in a concentration of from about 0.15 
to about 1.5 percent by volume, preferably from 0.2 to about 
0.6 percent volume by volume? a buffer in a concentration of 
from 0 to 65 mM, preferably from about 0.5 to about 50 mM; 
cholesterol oxidase in a concentration of at least Jfc>3: Co Z, •////« 
KIU/1; peroxidase, preferably in a concentration of at least /<Ui YA 
about 30 KIU/1; and, if present, cholesterol esterase in a 
concentration of at least 0.07 KIU/1, preferably at least 
about ytvST KIU/1 , Peroxidase and 4-aminoantipyrine are pro- V///*. 
vided in an amount sufficient to enable quantitative color- '/ i^f ^ 
metric determination of the amount of hydrogen peroxide 
formed from oxidation of cholesterol. It is preferred that 
this occur within a 10-minute completion time at 37°C. To 
this end, it is preferred that 4-aminoantipyrine be present 
in a concentration of about 0.3 mM. An acceptable range is 
from about 0.2 mM to about 0.35 mM. If too much or too 
little 4-aminoantipyrine is present, the reaction will not 
achieve completion, if at all , in the desired time span. 

It is preferred to include in the system a bacteri- 
cide. The preferred bacteriocide is dichlorophenol , and 
may be provided in a concentration of up to 0.75 mM, pre- 
ferably from about 0.4 to about 0.5 mM. 

The buffer is provided as required, and can be inor- 
ganic or organic in nature. Phosphates are preferred. 
The presently preferred buffer is potassium dihydrogen 
phosphate (KH 2 P0 4 ). 

The preferred acidic compound is cholic acid or a 
metal salt thereof. The presently preferred compound is 
30 sodium cholate. 

The chromogen cholesterol assay compositions of the 
instant invention display the ability to recover, i.e., 
detect , cholesterol ; and preferably provide ah assay com- 
pletion time within 10 minutes at 37 °C to a pink color, 
35 the developed intensity of which is stable for at least 30 
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additional minutes. The compositions have a projected 
stability of at least 18 months at 4°C / or a shelf life 
of about 6 months at room temperature, as determined by 
a requirement that they are stable for at least 3 days 
at 41°C. The chromogen assay systems of the invention 
are used as such and do not require dilution. 

In the chromogen cholesterol assay compositions of 
the instant invention, a lower level of phenol concentra- 
tion defines the point at which the system will lose 
stability , and the upper concentration defines the point at 
which phenol has reached a concentration where there may be 
an adverse effect upon color. 

Besides being functional as a bacteriocide , dichloro- 
phenol may help speed color development, and therefore is 
a highly desirable constituent, independent of its bac- 
teriocide function . 

The upper level of buffer concentration is critical. 
If the concentration is too high, completion time will be 
too slow, giving unreliable results and, quite unexpectedly, 
there will be an adverse effect on shelf life. 

A bile acid or a bile salt is essential. In the 
absence thereof, the system fails to recover cholesterol. 
By contrast, at a concentration above about 5 mM, completion 
times are too long for commercial utility. 

The nonionic surfactant has been observed to activate 
the enzymes, particularly cholesterol esterase. In its 
absence, reaction time is too long, and if present in too 
high a concentration will result in foaming and may have an 
adverse effect on viscosity. 
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The cholesterol oxidase used in the practice of this 
invention is currently of a microbial nature. The present- 
ly utilized cholesterol oxidase is that manufactured and 
sold by Whatman Biochemicals , Inc., of England. It has 
been observed that cholesterol oxidase of the Brevi bac- 
terium is non- functional. Cholesterol esterase is from 
any microbial source, and that used is manufactured and 
sold by Kyowa Hakko Kogyo Company , Ltd., of Japan, under- 
stood to be produced from the microorganism pseudomonas 
fluorescens, ATCC 1126. The peroxidase used is, conveni- 
ently, horseradish peroxidase. 

The products are prepared by first forming an aqueous 
solution to which there is provided buffer, bile acid or 
salts thereof, and surfactant. Phenol, dichlorophenol and 
4-aminoantipyrine are added as required. This base com- 
position is adjusted, if required, to an acceptable pH 
range by addition of a suitable acid or base. 

There is separately formed an aqueous solution con- 
taining the nonionic surfactant and the enzymes which are 
added. The base solution and the solution of the enzymes 
are then combined to form a net solution* 

The following is the presently preferred chromogen 
composition, based on the total volume of 1 liter: 



Component 



Concentration 



Phenol 



17 mM 




12.5 mM 



2 , 4 dichlorophenol 
4 - ami no an t ipy r i ne 
Cholic acid 



2.3 mM 



0.49 mM 



0.295 mM 



Cholesterol oxidase 



0.05 KIU/1 
0.1 KIU/1 
30 KIU/1 
0.4 i .2 v/v 



Cholesterol esterase 



Peroxidase 



Triton X-100 



0091026 

14511 -9- 
1 Without limiting, the following Examples and Controls 

illustrate the various parameters associated with the com- 
positions of the instant invention. 

5 Example 1 

There was formulated a cholesterol assay system by 
forming a clear base solution of the following composition: 

Component Concentration 
10 Water (triple-distilled deionized) 0.955 liter 

Triton X-100 (10% v/v solution) 32.0 ml 

KH 2 P0 4 12.5 mM 

2,4 dichlorophenol 0.4 9 mM 

4-aminoantipyrine 0.3 mM 

15 Phenol 17.0 mM 

Sodium Cholate 2.3 mM 

PH 7.0 
A clear enzyme solution was formed by addition to 10 
ml of an aqueous solution containing Triton X-100, suffi- 
20 cient cholesterol oxidase to provide cholesterol oxidase 
in a net solution of 0.1 KIU/1 , cholesterol esterase in 
an amount sufficient to provide in the net solution a 
cholesterol esterase concentration of 0.2 KIU/1 , and 
peroxidase in an amount sufficient to provide in the net 
25 solution peroxidase in a concentration of 30 KIU/1. 

The enzyme solution was combined with the base 
solution. The solution recovered cholesterol in an assay 
with less than a 10-minute completion time at 37 °C. The 
color formed had a stability of greater than 30 minutes, 
30 and had a lifetime of in excess of 3 days at 41°C, which 
is an equivalent of a shelf life of 18 months at 4°C and 
about 6 months at room temperature. 

Detailed studies were made of variations of the assay 
composition prepared according to Example 1. The para- 
35 meters varied were buffer concentration, pH, cholic acid 
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1 concentration and nonionic detergent concentration* For 
purposes of all Examples and Controls, the following 
meanings or codes universally apply: 

5 1 = No change 

A. 1 « Initial absorbence at ^Stnm at 37°C *^f m £ 
must be less than or equal to 0.15 for /£t/> </ 

a pass 

2 =s A control manufactured and sold by Beckman 
10 Instruments , Inc. that is specific to 

cholesterol 

3 = Mean or principle assigned value (PAV) to 

the control times 1 or the factor shown 

4 = Lot number of Control 

15 5 « A control manufactured and sold by Beckman 

Instruments, Inc. for multiple assay, 
including cholesterol 
6 — A cholesterol control manufactured and 

sold by New England Reagent Laboratories. 
Cholesterol concentration was 200 mg/dl 
T = TRITON X-100 « a polyethylene glycol 

p- isooctylphenyl ether having an average 

formula of C 34 H 62°ll and a forTnula weight 
of 646, manufactured and sold by Eastman 
Chemicals 

Completion times are for Beckman references at a 
cholesterol concentration of 600 mg/dl. 
Color stability is for a cholesterol concentration of 
50 mg/dl (low) and/or 500 mg/dl (high) . 
Numerical value given is % change at the " 
time stated. 
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One or more of the following constitutes failure: 

a) no recovery (detection) of cholesterol; 

b) greater than 10 minutes completion time 
at 37°C; this is failure on the basis 
that longer completion times are commer- 
cially unacceptable; 

color stability for less than 30 minutes 
beyond completion time; and/or 
stability for less than three days at 
41°C (stressed) . 
Failure is also considered to occur if initial 
absorbent A.' is greater than J^and 
cholesterol recovery (level detected) is 
15 not within ±5% of sample. 
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Examples 2-7 and Controls A-C 
Buffer Concentration 

The solution, formulated in accordance with Example 
1, was modified in respect of KH 2 P0 4 concentration. All 
other constituents were kept constant. 

Table I compares performance as formulated (fresh) 
and after stressed by being heated to 41°C for the time 
specified in the Table. Controls A, B and C failed be- 
cause of long completion times after stress. 
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Examples 8, 9 and Controls D-I 



Evaluation of pH 

5 

Using the assay solution prepared according to 
Example 1, pH was changed using HC1 or NaOH to determine 
its effect on performance. Using the same references of 
Examples 2-7, the results are shown in Table II. 
10 Failures were due to too long a completion time. 

Controls D, H and I failed as prepared. Controls E and 
F failed after stressed for 48 hours, while Control G 
failed after stressed after 82 hours. Color stability 
was after 4 5 minutes. 
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Examples 10-14 and Controls J, K 

Cholic Acid Effect 
5 

Using the assay composition of Example 1, cholic 
acid concentration was varied, with all other factors 
kept constant. The results are shown in Table III. 
Control J failed because the system was turbid , and col- 
10 lapsed when applied to human sera. Control K failed 

because completion time in human sera was too long, even 
on stress of " the solution by heating to 41°C for 72 hours. 
Color stability was after 75 minutes at 37°C. 
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Examples 15-20 and Controls L, M 

Nonionic Surfactant 

Since the enzymes require some nonionic surfactant in 
(Triton X-100) for initial enzyme stability, "0" in 
Control L of Table IV means a concentration on a volume 
basis of 6 parts per 10,000 parts. Completion times for 
non-sera were at a cholesterol concentration of 567.5 mg/dl. 
Cholesterol concentration of the sera used for sera comple- 
tion time was 650 mg/dl. Control L failed because of too 
long a completion time in sera. 
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Where, in the above Controls , failure is due to too 
long a completion time, as opposed to inability to recover 
cholesterol after stress, it is considered only to define 
a composition considered to have a commercial lack of 
utility, as completion time is important. Therefore, the 
specification of the claims is oriented to a commercial 
product of short completion times. It will be considered, 
however, to be in the invention a system having longer 
completion times, provided they have adequate shelf life. 
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WHAT IS CLAIMED IS: 
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1. A stable cholesterol assay composition which 
comprises an aqueous solution of: 

a) at least one acidic compound selected from 
the group consisting of a bile acid and a salt of a bile 
acid, the total of said acidic compound being present in 
an amount of up to about 5mM; 

b) a nonionic surfactant present in a 
concentration of from about 0.15 to about 1.5 percent 
volume by volume; 

c) a buffer in a concentration of from 0 to 
about 65 toM; and 

d) cholesterol oxidase in a concentration of at 
least about 0.02KIU/1, 

said cholesterol assay solution having a pH of from about 
5.5 to about 8.5. 



20 2. A stable cholesterol assay composition as claimed 

in claim 1 which includes microbial cholesterol esterase 
present in a concentration of at least about 0.07 KIU/1. 



3. A stable cholesterol assay composition as claimed 
25 in claim 1 or 2 which includes a chromogen system for 

determination of hydrogen peroxide. 

4 . A stable cholesterol assay system as claimed in 
claim 3 in which the chromogen system comprises phenol in 

30 a concentration of from about 8 to about 35 inM, and 
peroxidase and 4-aminoantipyrine in a concentration 
sufficient to provide a colormetric quantitative 
determination of the hydrogen peroxide formed from 
oxidation of cholesterol. 
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5* A stable cholesterol assay system as claimed in 
claim 1 or 2 which includes a chromogen system for 
determining hydrogen peroxide and which comprises phenol 
5 in a concentration of from about' 8 to about 35 mM, 

4-aminoantipyrine in a concentration of from about 0.25 
to about 0*35 mM, and peroxidase in a concentration of 
at least about 30 KIU/1 . 

10 6. A stable cholesterol assay composition as claimed 

in any one of the previous claims which includes a 
bacteriocide . 

7. A stable cholesterol assay composition as claimed 
15 in claim 6 which includes 2,4 dichlorophenol in a 

concentration of up to about 1 mM. 

8. A stable cholesterol assay composition as claimed 
in any one of the previous claims in which the nonionic 

20 surfactant is polyethylene glycol p-isooctylphenyl ether. 

9. A stable cholesterol assay composition as claimed 
in any one of the previous claims in which the buffer is 
potassium dihydrogen phosphate. 



25 



10. A stable cholesterol assay composition as claimed 
in any one of the previous claims in which the acidic 
compound is a metal salt of cholic acid. 
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11. A stable total cholesterol chromogen assay 
composition comprising an aqueous solution having a pH of 
from about 6.5 to about 8.5 and comprising: 

a) phenol in a concentration of from about 8 to 
about 35 mM; 

b) a metal salt of cholic acid present in a 
concentration of up to about 5 mM; 

c) a nonionic surfactant present in a 
concentration of from about 0.2 to about 1.5 percent 
volume by volume; 

d) a buffer present in a concentration of from 
0 to about 65 mM; 

e) 4-aminoantipyrine; 

f) microbial cholesterol esterase present in a 
concentration of at least about 0.07 KIU/1; 

g) cholesterol oxidase present in a 
concentration of at least about 0.02 KIU/1; and 

h) peroxidase, 

the amount of peroxidase and 4-aminoantipyrine being 
sufficient to enable quantitative determination of the 
amount of hydrogen peroxide formed from oxidation of 
cholesterol. 

12. A stable total cholesterol chromogen assay 
composition as claimed in claim 11 in which the buffer is 
potassium dihydrogen phosphate and pH is from about 6 to 
about 7.5. 

13. A stable total cholesterol chromogen assay 
composition as claimed in claim 11 or 12 in which the 
nonionic surfactant is present in a concentration of from 
about 0.2 to about 0.4 percent volume by volume and is 
polyethylene glycol p-isooctylphenyl ether. 
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14. A stable total cholesterol chromogen assay 
composition as claimed in any one of the previous claims 
in which peroxidase is present in a concentration of at 
least about 30 KIU/1 and in which 4-aminoantipyrine is 
present in a concentration of about 0.3 mM. 

15. A stable total cholesterol chromogen assay 
composition comprising an aqueous solution of: 

a) phenol in a concentration of about 17 mM; 

b) 2,4 dichlorophenol present in a 
concentration of about 0.5 mM; 

c) a metal salt of cholic acid present in a 
concentration of up to about 5 mM; 

d) polyethylene glycol p-isooctylphenyl ether 
present in a concentration of from about 0.2 to about 0.6 
percent volume by volume; 

e) KH PO. present in a concentration of about 

12.5 mM; 

f ) peroxidase present in a concentration of 

about 30 KIU/1; 

g) cholesterol oxidase present in a 
concentration of at least about 0.05 KIU/1; 

h) microbial cholesterol esterase present in a 
concentration of at least about 0.1 KIU/1; and 

i) 4-aminoantipyrene present in a concentration 

of about 0.3 mM, 

said stable total cholesterol chromogen assay composition 
having a pH of from about 6.0 to about 7.5- 
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16 • A method for preparing a stable cholesterol 
assay solution which comprises forming a base solution and 
an enzyme solution, then combining the base solution and 
the enzyme solution to form a net solution, and in which: 
a) the base solution is formed by dissolving in 

water : 

i) at least one acidic compound selected 
from the group consisting of a bile acid and a salt 
of a bile acid to provide the total of said acidic 
compound in the net solution in an amount of up to 

about 5 mM; 

ii) a nonionic surfactant determined to 

provide an amount in the net solution a nonionic 

surfactant concentration of from about 0.15 to 

about 1.5 percent volume by volume; 

b) the enzyme solution being formed by 
dissolving in water containing a portion of the total 
nonionic surfactant, cholesterol oxidase to provide in the 
net solution cholesterol oxidase in a concentration of at 
least about 0.02 KIU/1, 

the base solution being adjusted if required to provide a 
net solution having a pH of from about 5.5 to about 8-5. 

17. A method as claimed in claim 16 in which there is 
added to the enzyme solution microbial cholesterol 
esterase in an amount to provide in the net solution 
cholesterol esterase in a concentration of at least about 
0.07 KIU/1. 
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18. A method as claimed in claim 16 or 17 in which 
there is added to the base solution phenol in an amount 
sufficient to provide in the net solution phenol in a 
concentration of from about 8 to about 15 mM, and 
4-aminoantipyrine, and in which there is added to the 
enzyme solution peroxidase, the amount of peroxidase and 
4-aminoantipyrine being sufficient in the net solution to 
enable quantitative colormetric determination of the 
amount of hydrogen peroxide formed from oxidation of 
cholesterol. 
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